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. ABSTRACT 

T h i s  report comprises  three s e p a r a t e  a s p e c t s  of t h e  

research program on f i e l d  i o n  microscopy a t  the U n i v e r s i t y  of 

F l o r i d a .  F i r s t l y ,  t h e  use of a c a u p u t e r  m o d e l  based on t h e  

atoric environment o f  s u r f a c e  atoms is shown t o  g i v e  p o i n t  

for p o i n t  agreement w i t h  e x p e r i m e n t a l  f i e l d  i o n  micrographs  

of a h i g h  i n d e x  r e g i o n  i n  p la t inum.  A detailed d e s c r i p t i o n  

of t h i s  model and program along w i t h  f u t u r e  e x t e n s i o n s  of 

t h i s  work are reported i n  S e c t i o n  2. Secondly,  t h e  l i q u i d  

hydrogen f ie ld  ion microscope is b r i e f l y  described in S e c t i o n  3, 

a l t h o u g h  its c o n s t r u c t i o n  was independen t ly  funded by the 

U n i v e r s i t y  of F l o r i d a .  F i n a l l y ,  the  e x p e r i m e n t a l  r e s u l t s  on 

ordered and  disordered Ni -Yo  a l l o y s  are described and b r i e f l y  

discussed in S e c t i o n  4. 

e x p e r i m e n t a l  s t u d i e s  h a s  been s i g n i f i c a n t  t o  date. The p r o a i s e  

P r o g r e s s  on both the  theoretical  and 

of f u r t h e r  e x t e n s i o n  and expans ion  of t h e  work a p p e a r s  t o  be 

v e r y  good. 
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1. I n t r o d u c t i o n  

I t  is pe rhaps  w e l l  to  b r i e f l y  res ta te  t h e  o b j e c t i v e s  of 

t h e  p r e s e n t  r e s e a r c h  and t o  s k e t c h  t h e  progress made and 

d i f f i c u l t i e s  encoun te red  t o  date before p roceed ing  t o  a more 

detailed d e s c r i p t i o n .  

We are concerned b a s i c a l l y  w i t h  a t t e m p t i n g  t o  extract as  

much u s e f u l  m e t a l l u r g i c a l  i n fo rma t ion  f r o m  t h e  f i e l d  i o n  

microscope as feasible. Because of t h e  atomic scale of t h e  

s t u d i e s ,  t h i s  o b j e c t i v e  narrows i t se l f  t o  a n  unde r s t and ing  of 

t h e  image p o i n t s  themselves--i.e., which atoms image a n d  why-- 

and  the atomic s t r u c t u r e  of t he  i n d i v i d u a l  defects. Two 

pr imary  methods of a t t a c k  have been u t i l i z e d ,  t h e o r e t i c a l  and 

expe r imen ta l .  The theoretical work has c e n t e r e d  a b o u t  computer 

s i m u l a t i o n  of images on a p o i n t  fo r  p o i n t  basis. T h i s  is 

treated i n  S e c t i o n  2. The r e su l t s  t o  date have been m o s t  

p romis ing  and i t  a p p e a r s  t h a t  a c t u a l  imaging c o n d i t i o n s  can  

be a c c u r a t e l y  s i m u l a t e d .  

The expe r imen ta l  s t u d i e s  have b e e n  d i r e c t e d  towards a 

s t u d y  of i n d i v i d u a l  l a t t i c e  d e f e c t s  i n  quenched p l a t inum and 

atomic order i n  N i - Y o  a l l o y s .  The s t u d i e s  on p l a t inum have 

r e q u i r e d  same p r e l i m i n a r y  work, io@., p r e p a r a t i o n  of specimens,  

p e r f e c t i o n  of quenching methods and e l e c t r o n  microscope,  so t h a t  

v e r y  l i t t l e  FIY work on it has  been done t o  d a t e .  The work 

on N i - Y o  h a s  been pushed t o  n e a r  comple t ion  i n  t h e  i n t e r i m  

because  i t  correlates w e l l  w i t h  o t h e r  r e s e a r c h  work be ing  

done a t  t h i s  l a b o r a t o r y  and it p r o v i d e s  a s t r i n g e n t  test o f  
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t h e  microscope.  The pla t inum s t u d i e s  c a n  and  w i l l  now be 

pursued  i n t e n s i v e l y .  The microscope d e s i g n  and performance 

are r e p o r t e d  i n  S e c t i o n  3, and t h e  N i - Y o  work i n  S e c t i o n  4. 

2. Computer S imula ted  Xmage R e c o n s t r u c t i o n  

Probably  t h e  m o s t  r i g o r o u s  a t t e m p t  t o  date a t  ictlnrprn- 

t a t i o n  of t h e  g e o m e t r i c a l  a s p e c t s  of a f i e l d  i o n  image hag 

been the s h e l l  m o d e l  proposed by A. J. W. Moore.’ 

l y i n g  w i t h i n  a t h i n  s p h e r i c a l  s h e l l  i n t e r s e c t i n g  a p o i n t  

l a t t i ce  are  p r o j e c t e d  o n t o  a p lane .  H i s  work w a s  done w i t h  

b o t h  BCC and FCC p o i n t  l a t t i c e s  and t h e  r e s u l t s  appea r  t o  be 

q u a l i t a t i v e l y  correct. T h i s  work c l e a r l y  i n d i c a t e s  t h a t  i t  

is p o s s i b l e  t o  s i m u l a t e  a t  least  some of t h e  f e a t u r e s  of a 

f ie ld  i o n  image w i t h  a p u r e l y  g e o m e t r i c a l  i n t e r p r e t a t i o n .  

For example, w i t h  a g i v e n  r a d i u s ,  t h e  number and t y p e  of p o l e s  

t h a t  appea r  are closely c o r r e l a t e d  w i t h  a n  e x p e r i m e n t a l  image. 

Furthermore,  a n  approximate ly  correct d e n s i t y  of image p o i n t s  

is also o b t a i n e d  u s i n g  t h i s  m o d e l .  The s h e l l  t h i c k n e s s ,  however, 

must be v a r i e d  from region t o  r e g i o n  of t h e  s t e r e o g r a p h i c  

t r i a n g l e  i n  order t o  o b t a i n  best agreement w i t h  experimental 

images,  A somewhat d i s t u r b i n g  r e s u l t  is t h a t  t h e  computed 

image I s  e x t r e m e l y  s e n s i t i v e  t o  r a d i u s ,  e .g . ,  a change i n  

r a d i u s  of 0.05 A c a u s e s  a marked change i n  t h e  t o p o g r a p h i c a l  

f e a t u r e s  as shown i n  F igu re  1. Note p a r t i c u l a r l y  t h e  changes 

which occur i n  t h e  r e g i o n  of t h e  (211) plane and t h e  (531) 

p l a n e .  P o i n t  for  p o i n t  agreement was n o t  a t t e m p t e d  w i t h  t h e  

P o i n t s  

0 
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s h e l l  model, b u t ,  s i n c e  t h e  t i p  is assumed h e m i s p h e r i c a l  ove r  

t h e  e n t i r e  s t e r e o g r a p h i c  t r i a n g l e ,  exact c o r r e l a t i o n  ove r  

large areas cannot  be expec ted .  The p r e s e n t  work has ,  i n  fact ,  

shown t h e  s h e l l  m o d e l  t o  be u n s a t i s f a c t o r y  for any t y p e  of 

p o i n t  t o  p o i n t  a n a l y s i s .  

The p i e s e n t  work is directed toward deve lop ing  a m o d e l  

t h a t  c a n  g i v e  p o i n t  for p o i n t  agreement  w i t h  a n  a c t u a l  image 

i n  order t o  permit a d e t a i l e d  a n a l y s i s  of c r y s t a l  defects,  

The FCC lat t ice was chosen i n i t i a l l y  s i n c e  there is less 

c o n t r o v e r s y  as t o  t h e  t y p e s  and c o n f i g u r a t i o n  of d e f e c t s  t h a t  

c a n  e x i s t  ( i n  c o n t r a s t  t o  BCC or HCP). 

is assumed s p h e r i c a l  over  a s m a l l  r e g i o n  only ,  p o s s i b l y  one 

or t w o  poles. The geometrical environment  of each  of t h e  

s u r f a c e  atoms is computed (number a n d  t y p e  of ne ighbors ,  e.g., 

lst, 2nd, etc.)  and  based on t h i s ,  p o i n t s  c a n  be selected and 

projected o n t o  a p lane .  Using Moore's m o d e l  as  a s t a r t i n g  

p o i n t ,  a s h e l l  t h i c k  enough t o  a s s u r e  more t h a n  enough p o i n t s  

for t h e  Image w a s  s e l e c t e d ,  The number and t y p e  of ne ighbors  

for e a c h  p o i n t  l y i n g  w i t h i n  t h i s  " t h i c k "  s h e l l  were t h a n  ana lyzed .  

M o s t  of t h e  p o i n t s  i n  the s h e l l  have s i x  first n e a r e s t  n e i g h b o r s  

and  t h r e e  second n e a r e s t  ne ighbors .  (The to ta l  p o s s i b l e  number 

of 1st n e i g h b o r s  is 1 2  and of second ne ighbors  is 8.) 

is n o t  s u r p r i s i n g  s i n c e  i t  would be expec ted  t h a t  approx ima te ly  

1/2 t h e  number of ne ighbors  of a p a r t i c u l a r  atom located a t  

(c,E,z) would l i e  on e i t h e r  s ide  of a p lane  passed  through t h e  

p o i n t ,  S i n c e  t h e  t i p  r a d i u s  is much greater t h a n  t h e  ne ighbor  

I n  ou r  m o d e l  t h e  t i p  

T h i s  
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d i s t a n c e s  c o n s i d e r e d  (3rd ,  4th,  5th,  e tc . ) ,  t h e  t i p  c a n  be 

regarded as  a p l a n e  ove r  a v e r y  small r e g i o n  and t h e  number 

of ne ighbors  of any one type  (lst, 2nd, e tc . )  l y i n g  on e i the r  

s ide  of t h e  p l a n e  is t h u s  approx ima te ly  1/2 of t h e  total .  

A g e n e r a l  o u t l i n e  of t h e  actual  s i m u l a t i o n  p rocedure  is 

as foiiows (Figure 2.). F i r s t ,  a p o i n t  i n  t h e  FCC l a t t i ce  is 

g e n e r a t e d ,  i.e., its c o o r d i n a t e s  are computed, and i f  t h e  

p o i n t  l i e s  w i t h i n  t h e  s p h e r i c a l  s u r f a c e ,  t h e n  t h e  number of 

n e i g h b o r s  of t h i s  p o i n t  are c a l c u l a t e d .  The computa t ion  of 

t h e  number and type  of neighbors  is e a s i l y  done, s i n c e  t h e  

c o o r d i n a t e s  of t h e  ne ighbors  of a p o i n t  i n  a FCC l a t t i ce  are 

known when t h e  p o i n t  is s i t u a t e d  a t  t h e  o r i g i n .  A simple 

l i n e a r  t r a n s f o r m a t i o n  g i v e s  t h e  c o o r d i n a t e s  of any desired 

ne ighbors  f o  a p o i n t  i n  the  l a t t i ce  s i t u a t e d  a t  any a r b i t r a r y  

p o i n t  x, g, z. I f  a neighbor  l i e s  i n s i d e  the  s p h e r i c a l  

s u r f a c e ,  i t  is counted.  T h i s  o p e r a t i o n  is t h e n  r e p e a t e d  u n t i l  

t h e  t o t a l  number of ne ighbors  abou t  e v e r y  p o t e n t i a l  imaging 

p o i n t  is ccmputed. Var ious  c o n d i t i o n s  may t h e n  be imposed 

on a sector of t h e  geometrical environment  of a s u r f a c e  atom. 

One s u c h  c o n d i t i o n  is t h a t  t h e  atom h a s  c e r t a i n  numbers and 

t y p e s  of ne ighbors .  Having selected t h e  p o i n t  f o r  imaging, 

i ts  c o o r d i n a t e s  in a new c o o r d i n a t e  system ( t h e  y 1  a x i s  of 

which is t h e  pole of t h e  p r o j e c t i o n )  are t h e n  camputed. The 

p r o j e c t i o n  from a p o i n t  on t h e  y f  ax is  is t h e n  performed, t h e  

geometry of t h i s  p r o j e c t i o n  is a l so  shown i n  F i g u r e  3. The 

p r o j e c t i o n  used  c a n  be changed by s imply  a d j u s t i n g  t h e  d i s t a n c e  
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F i g u r e  3 .  The geometry  of t h e  p r o j e c t i o n  showing t h e  
r e l a t i v e  r e l a t i o n s h i p  w i t h  t h e  s p e c i m e n .  

r 

--_ * i t -  

e 0 

e 

F i g u r e  4 .  Comparison of the imag ing  criteria of t h e  
s h e l l  model and t h e  " n e i g h b o r  model", on 
a h i g h  i n d e x  p l a n e .  



, 

I 

1 

- .  ~* 

-5- 

of t h e  p r o j e c t i o n  p o i n t  from t h e  p l a n e .  Thus a c t u a l  imaging 

geometries can  be c lose ly  approximated.  When t h e  p o i n t s  i n  

t h e  s h e l l  are ana lyzed ,  on ly  a c e r t a i n  fer ne ighbor  combina t ions  

appear, which when used t o  s i m u l a t e  a n  image r e s u l t  i n  ve ry  

good agreement w i t h  experiment .  A f t e r  a n a l y z i n g  t h e  environment  

of atoms in t h e  s h e l l ,  i t  is found i n  many cases t h a t  some 

atoms w i t h  t h e  same environment as  those w i t h i n  t h e  s h e l l  l i e  

o u t s i d e  of  it ( F i g u r e  4, for example atoms 4 and 5).  The s h e l l  

m o d e l  would image on ly  atoms 1, 2, 6, 7, and 8, whereas t h e  

m o d e l  proposed h e r e  would image a l l  t h e  atoms on t h i s  p l a n e ,  

namely, 1, 2, 3, 4, 5, 6, 7, and 8. Experimental  images 

co r re spond  t o  t h e  second c r i t e r i o n .  I t  a p p e a r s  t h a t  t h e  order 

of ne ighbore  t h a t  must be c o n s i d e r e d  is d i r e c t l y  related t o  

t h e  d i s t a n c e  between atoms on a p a r t i c u l a r  p l ane ,  i .e. ,  w i t h  

a g r e a t e r  s e p a r a t i o n  of imaging atoms, combina t ions  of h i g h e r  

order n e i g h b o r s  must be cons ide red  i n  order t o  a d e q u a t e l y  

s i m u l a t e  a n  image. T h i s  is n o t  s u r p r i s i n g  s i n c e  t h e  imaging 

atoms on a (931) ,  f o r  example, "see" d i r e c t l y  some of t h e i r  

s i x t h  n e a r e s t  ne ighbors  on t h e  s u r f a c e .  

The 

detail .  

1. 

2. 

3 -  

(931) r e g i o n  w a s  chosen  t o  be i n v e s t i g a t e d  i n  some 

The r e a s o n s  for choos ing  t h i s  r e g i o n  are: 

Good r e s o l u t i o n  i n  an  e x p e r i m e n t a l  image is o b t a i n e d .  

The s h e l l  m o d e l  does n o t  g i v e  adequa te  r e s u l t s .  

S i n c e  i t  is a high index  r e g i o n ,  5 th  or 6 t h  ne ighbors  

would have t o  be c o n s i d e r e d  t o  s i m u l a t e  t h e  image, 

as compared t o  on ly  2nd or 3rd ne ighbors  on a l o w  

i n d e x  p l a n e .  
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, - *  Assuming a mono ton ica l ly  d e c r e a s i n g  r e l a t i o n s h i p  between bond 

s t r e n g t h s  t o  e x i s t ,  i .e.,  1st n e i g h b o r s  have a h i g h e r  b i n d i n g  

ene rgy  t h a n  2nd ne ighbors ,  etc.,  a l l  atoms w i t h  6 f i r s t  

ne ighbors  and v a r i o u s  combina t ions  of 2nd th rough  6 th  n e i g h b o r s  

are p l o t t e d  i n  t h e  r e g i o n  of t h e  (931) p l a n e .  . T h e  e x p e r i m e n t a l  

image or" this r e g i o n  w a s  o b t a i n e d  from Prof. E. W. Msller, 

and  w e  are ve ry  g r a t e f u l  t o  h i m  for t h i s  micrograph.  F i g u r e  5 

shows t h e  e n t i r e  micrograph. The (931) r e g i o n  (shown b locked  

in) w a s  s t u d i e d  i n  more d e t a i l .  

image w a s  de t e rmined  g r a p h i c a l l y  i n  t h e  region of t h e  (931) 

p l a n e  for  example, by drawing t h e  a c t u a l  (002) atomic s t e p s  

and t h e n  f i n d i n g  t h e  best f i t  r a d i u s .  In t h e  s i m u l a t e d  image, 

p o i n t  f o r  p o i n t  agreement is o b t a i n e d  e x c e p t  t h a t  there is 

a n  e x t r a  row of atoars a l o n g  a (113) s t e p  edge.  T h i s  c a n  be 

r e a d i l y  e x p l a i n e d  i f  a more d e t a i l e d  a n a l y s i s  of t h e  local 

s u r f a c e  topography is performed;  t h a t  is, t h e  r a d i u s  between 

t h e  (931) and t h e  (113) is smaller t h a n  t h a t  between t h e  (001) 

and t h e  (931). F i g u r e  6 shows a e m p a r i s o n  of  t h e  s h e l l  m o d e l  

and  t h e  gemetric m o d e l  proposed h e r e  ("ne ighbor  m o d e l " )  w i t h  

t h e  a c t u a l  image of t h e  (931) r e g i o n .  I t  is found that i f  any 

combina t ions  w i t h  7 first ne ighbors  are used i n  t h e  "ne ighbor  

m o d e l " ,  t h e  d e n s i t y  o f  image p o i n t s  i n  some r e g i o n s  becornes 

too h i g h  and doub le  image p o i n t s  s t a r t  t o  appear .  As c a n  be 

seen (Figure 6) ,  t h e  s h e l l  m o d e l  does n o t  g i v e  t h e  caarplete  

net of atoms on t h e  (731) p l ane .  If t h e  s h e l l  t h i c k n i s s  is 

The r a d i u s  of t h e  e x p e r i m e n t a l  



F i g u r e  5. Micrograph of platinum [cour tesy  of Prof. 
E. W. M u l l e r ] ;  (931) r e g i o n  is blocked i n .  
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i n c r e a s e d  i n  order t o  f i l l  t h e  n e t  p l a n e ,  nonaccep tab le  image 

p o i n t s  (atoms w i t h  7 first ne ighbors )  beg in  t o  appea r  before 

the  (731) p l a n e  has been comple t e ly  f i l l e d  i n .  

Using a monotonica l ly  d e c r e a s i n g  r e l a t i o n s h i p  between 

bond s t r e n g t h s ,  t h e  r e l a t i v e  b r i g h t n e s s  of t h e  image p o i n t s  

i n  t h e  (931) r e g i o n  c a n  a l s o  be exp la iQed .  F igu re  7 shows 

the c o r r e l a t i o n  of r e l a t i v e  i n t e n s i t y  w i t h  t h e  c a l c u l a t e d  

b i n d i n g  energy ,  where t h e  i n t e n s i t y  is some i n v e r s e  f u n c t i o n  

( a s  y e t  unknown) of t h e  b i n d i n g  energy .  

labeled s u c h  t h a t  t h e  0 is t h e  weakest bound, w h i l e  those 

The image p o i n t s  a r e  

bound t h e  t i g h t e s t  are l a b e l e d  10. If it is assumed t h a t  t h e  

p o l a r i z a t i o n  energy  is c o n s t a n t  ove r  t h e  r e g i o n ,  [ (731), (931) 

and (1131)] ,  - t h e  r e s u l t s  of  t h e  c a l c u l a t e d  b i n d i n g  energ ies  

correlate v e r y  w e l l  w i t h  t h e  q u a l i t a t i v e  i n t e n s i t y  v a r i a t i o n  

i n  t h e  a c t u a l  micrograph.  The p r e s e n t  work is be ing  con t inued  

and v a r i o u s  r e g i o n s  of the s t e r e o g r a p h i c  t r i a n g l e  are b e i n g  

s i m u l a t e d .  

The p r e s e n t  c r i t e r i a  is so f a r  based on t h e  number and 

t y p e  of  ne ighbors  only .  However, when a p p l y i n g  a n  imaging 

c r i t e r i a  t o  l a t t i c e  d e f e c t s ,  t h e  atoms around t h e  d e f e c t  

becomes p e r t u r b e d  f r o m  t h e i r  normal l a t t i c e  p o s i t i o n s ,  and 

t a l k i n g  abou t  1st ne ighbors ,  e tc . ,  r e a l l y  d o e s n ' t  have much 

meaning. If a s u i t a b l e  p o t e n t i a l  is in t roduced ,  however, t h e  

e n e r g y  of s a y  a l l  atoms which l i e  i n  some s p h e r e  su r round ing  

t h e  atom under  c o n s i d e r a t i o n  c a n  be computed, and t h i s  ene rgy  

I -  
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used  t o  de te rmine  t h e  imaging c r i te r ia .  Two r ecen t  s t u d i e s  

have l e n t  s u p p o r t  t o  t h i s  approach .  Drechsler and  Liepack* 

have used a modified Morse p o t e n t i a l  t o  e x p l a i n  f a c e t i n g  on 

e l e c t r o n  e m i s s i o n  t i p s  of BCC s t r u c t u r e s .  Consu la t ion  w i t h  

t h e  quantum p h y s i c s  groups under  P r o f .  J. C. S l a t e r  here a t  

the University of Florida has  ind ica ted  t h a t  such  a p o t e n t i a l  

may w e l l  f u l f i l  t h e  p r e s e n t  r equ i r emen t s  a s  w e l l .  C o t t e r i l l  

and  Doyama 3 9 4  have p u b l i s h e d  detailed computa t ions  of t h e  

core s t r u c t u r e s  of edge and screw d i s l o c a t i o n s  i n  FCC. T h e i r  

r e s u l t s  w i l l  be made use  of i n  t h e  p r e s e n t  work. 

I n  t h e  case of a s t a c k i n g  f a u l t ,  o n l y  t h e  s t a c k i n g  sequence  

is d i s t u r b e d ,  and t h e  i n t e r a t o m i c  s p a c i n g s  i n  t h e  r e g i o n  of 

t h e  f a u l t  are unper turbed .  I n  t h i s  case t h e  p r e s e n t  c r i te r ia  

of number and t y p e  of ne ighbors  is s u f f i c i e n t  and u s i n g  t h e  

b i n d i n g  ene rgy  computed from a p o t e n t i a l  would g i v e  t h e  s a m e  

r e s u l t s .  T h i s  w i l l  t h u s  be t h e  f i r s t . d e f e c t  image a t t empted .  

Ex tens ion  of t h e  p r e s e n t  work t o  i n c l u d e  a p o t e n t i a l  and o ther  

i m p e r f e c t i o n s  is p r e s e n t l y  be ing  undertaken.  

3. Microscope Design and Performance 

The F i e l d  Ion Microscope Labora to ry  c o n s i s t s  of t w o  

microscopes  on s e p a r a t e  vacuum sys t ems  a r r a n g e d  t o  make use  

of a s i n g l e  h i g h  v o l t a g e  power supply .  The f i r s t  b u i l t  is 

a l l  glass, l i q u i d  n i t r o g e n  cooled microscope.  The sys tem is 

w e l l  s u i t e d  f o r  imaging s a y  t u n g s t e n ,  irridium or rhenium and 

w i l l  be u t i l i z e d  i n  c o n j u n c t i o n  w i t h  s t u d i e s  of image i n t e n s i -  

f i c a t i o n  and  conve r s ion ,  now i n  t h e  p l a n n i n g  s t a g e s .  The second 
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is a s t a i n l e s s  s teel ,  l i q u i d  hydrogen cooled microscope 

des igned  t o  operate i n  c o n j u n c t i o n  w i t h  a n  A i r  P r o d u c t s  and  

Chemicals  Inc .  Cryo-Tip r e f r i g e r a t o r .  A photograph a n d  a 

schematic drawing o f  t h e  microscope is shown i n  F i g u r e s  8 and 

9. As i l l u s t r a t e d ,  t h e  FIX body c o n s i s t s  of an  o u t e r  s h e l l  

f l a n g e d  a t  t h e  bottom to mate w i t h  a "zero l eng th"  4" diameter 

viewing s c r e e n  and a t  t h e  top t o  r e c e i v e d  t h e  flanged c r y o s t a t  

t ube .  The c r y o s t a t ,  i t s e l f ,  is a Pyrex  tube  w i t h  t w o  pa i r s  

of 0.050" t u n g s t e n  w i r e  leads a t  t h e  bottan and is graded  t o  

Kovar o n l y  1 1/2" from t h e  t o p  f l a n g e  t o  a v o i d  any d i f f i c u l t y  

from l o w  t empera tu re  t r a n s f o r m a t i o n s  of t h e  Kovar. Although, 

t h e  c r y o s t a t  t u b u l a t i o n  is des igned  for use  w i t h  A i r  P r o d u c t s '  

Cryo-Tip, i t  may be used  by f i l l i n g  w i t h  l i q u i d  n i t r o g e n ,  

l i q u i d  neon or l i q u i d  hydrogen. Suspended between t h e  o u t e r  

jacket and t h e  g l a s s  c r y o s t a t  is a s t a i n l e s s  s t e e l  l i q u i d  

n i t r o g e n  dewar which performs t h e  d u a l  ro le  of r a d i a t i o n  s h i e l d  

and  cryopumping s u r f a c e .  Three  1 1/2" diameter p o r t s  e x t e n d  

r a d i a l l y  from t h e  specimen chamber ( a t  specimen l e v e l )  and 

are f l a n g e d  t o  a c c e p t  a n  i o n  gauge, a h igh  voltage l e a d  

through,  and a f l e x i b l e  bel lows for  connec t ing  t o  t h e  vacuum 

sys tem.  

The h i g h  vacuum pump is a water baff led,  2" o i l  d i f f u s i o n  

t y p e  and  t h e  sys tem is capab le  of 10- mm Hg, w i thou t  bakeout ,  

w i t h i n  1 1 /2  h o u r s  of specimen change. Mild bake-out (300°C)  

r e s u l t s  i n  p r e s s u r e s  on t h e  l o w  end of t h e  10'' scale of t h e  

i o n  gauge. 

a 

I 



F i g u r e  8a. Microscope conso le  and imaging g a s  s u p p l y  system. 

F i g u r e  8b. C r y o s t a t  cont ro l  p a n e l ,  vacuum gauges,  and h i g h  
v o l t a g e  g e n e r a t o r .  
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Figure 9. Schematic cutaway view of s ta in less  s t e e l  
l iquid hydrogen cooled f i e l d  ion microscope. 
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The microscope is by no  means canplete, i n  t h a t  i t  is 

c o n t i n u a l l y  be ing  a l te red  and improved as becomes necessary .  

Mosaic F a b r i c i t i o n  is i n  t h e  f i n a l  s tages of c o n s t r u c t i n g  a 

4" diameter f i b e r  o p t i c s  s c r e e n  which w i l l  p e rmi t  d i r ec t  

c o n t a c t  photography, t h e r e b y  e l i m i n a t i n g  t h e  need for  i n t e r -  

mediate o p t i c s . *  An additiorrrl  cry~p-mping s u r f a c e  w i l l  a l so  

s h o r t l y  be added t o  t h e  s y s t e m .  I t  is designed for i n s e r t i o n  

i n  t h e  pumping l i n e  v i a  a flanged "cross" located between t h e  

pumping p o r t  and t h e  f l e x i b l e  be l lows .  T h i s  w i l l  s e r v e  n o t  

o n l y  a s  a c o l d  t r a p  a g a i n s t  back-streaming d i f f u s i o n  pump 

o i l ,  b u t  a160 as a cryopumping s u r f a c e  downstream f r o m  t h e  

specimen chamber. It is f e l t  t h a t  the vacuum i n  t h e  specimen 

chamber w i l l  be improved by a c t i v a t i n g  t h i s  s u r f a c e  p r i o r  t o  

f i l l i n g  t h e  l i q u i d  n i t r o g e n  dewar w i t h i n  t h e  body of t h e  

microscope.  While t h e  p r e s e n t  sys tem is des igned  fo r  use  of 

e i the r  hel ium o r  neon as  t h e  imaging gas ,  there is no p r o v i s i o n  

fo r  even s e m i - q u a n t i t a t i v e l y  mixing these g a s e s  as  is o c c a s s i o n a l l y  

d e s i r a b l e .  The suppy s y s t e m  is, therefore,  b e i n g  s l i g h t l y  

mod i f i ed  t o  make t h i s  p o s s i b l e  a s  w e l l  a s  a l l o w i n g  f o r  t h e  

i n t r o d u c t i o n  of hydrogen gas  d u r i n g  f i e l d  e v a p o r a t i o n  (~ i i l l e r5 )  . 
One f i n a l  improvement is the  a d d i t i o n  of a p u l s e  g e n e r a t o r  t o  

t h e  e lectr ical  system. The g e n e r a t o r  h a s  been .des igned  t o  

permit both v a r i a b l e  p u l s e  h e i g h t  and d u r a t i o n  i n  t h e  micro- 

second  r ange  and r e v e r s i b l e  p o l a r i t y .  T h i s  shou ld  a l l o w  a 

-his s c r e e n  h a s  j u s t  a r r ived  and a comparison of r e s u l t s  u s i n g  
it and s t a n d a r d  35 mm photography may be made by comparing 
Figure 15 w i t h  F igu re  14. 
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greater d e g r e e  of c o n t r o l  o v e r  t h e  f i e l d  e v a p o r a t i o n  p r o c e s s .  

One v e r y  impor t an t  p o i n t  conce rn ing  these improvements is t h a t  ~ 

I *  

t h e y  are a l l  being made w i t h  a n e g l i g i b l e  amount of "down t i m e " .  

4, S t u d i e s  of A t o m i c  Order i n  Ni-Mo A l loys  

The i n v e s t i g a t i o n  of t h e  N i - M o  a l l o y  sys tem ( F i g u r e  10) 

h a s  followed t w o  p r i n c i p a l  d i r e c t i o n s .  The f i r s t  w a s  a 

n a t u r a l  e x t e n s i o n  of research be ing  carried on i n  t h i s  

l a b o r a t o r y  conce rn ing  t h e  e x i s t e n c e  of t h e  s o - c a l l e d  "K-state" 

i n  N i - Y o  a l l o y s .  A l a r g e  amount of x-ray and c o r r e l a t i n g  

r e s i s t i v i t y  data had been accumulated on a N i - 1 4  a/o Mo 

(2L w / o  Yo) a l l o y  i n  v a r i o u s  stages of t h e  o r d e r i n g  process 

I 

making it a n  obvious  cho ice  for t h e  p r e l i m i n a r y  i n v e s t i g a t i o n .  

The above mentioned d a t a  i n d i c a t e s  t h a t  s h o r t  r ange  order is 
I *' 

r e s p o n s i b l e  for  t h e  "K-state" a n d  i t  is f e l t  t h a t  there is a 

r e l a t i o n s h i p  between t h e  s h o r t  r ange  order i n  t h e  m a t r i x  and 

t h e  long  r ange  order accompanying t h e  p r e c i p i t a t i o n  of t h e  

Ni4Mo phase.  

unde r t aken  i n  a n  attempt t o  e s t ab l i sh  whether  short range  

order e x i s t s  as s m a l l  domains of long  range  order or as simple 

I 
I 

i 
t 
I 

I t  is w i t h  t h i s  i n  mind t h a t  t h e  FIY s t u d y  w a s  
I 

I 

s t a t i s t i ca l  order. Imaging expe r imen t s  on  t h i s  material were 

s a t i s f a c t o r y  as is evidenced by t h e  pho tographs in  F i g u r e s  11 

and  12. It can  be s e e n  a t  once t h a t  t h e  r e g u l a r i t y  of t h e  

image i n  t h e  p a r t i a l l y  ordered s t a t e  ( F i g u r e  12)  is n o t i c e a b l y  

greater  t h a n  i n  t h e  as-quenched specimen ( F i g u r e  1 1 ) .  The 

as-quenched (disordered) sample does e x h i b i t  a s u r p r i s i n g  

number of r e c o g n i z a b l e  p o l e s  n o n e t h e l e s s .  T h i s  c o u l d  w e l l  
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Figure 10. Partial Phase Diagram of the Ni-Mo System. 
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Figure 11, F i e l d  i o n  micrograph of N i  - 14 a/o Mo quenched 
from 850°c, imaged a t  17 .5  KV i n  
2OoK. 
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Figure 12, Field ion  micrograph of N i  - 14 a/o Mo quenched 
from 850°c and annealed 2 1/2 hours a t  700°C. 
I d e n t i c a l  imaging c o n d i t i o n s  as i n  Figure 11. 
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be due t o  a s lower  than r e q u i r e d  quenching ra te ,  s i n c e  t h e  

specimens were a l l  quenched as  evacua ted  c a p s u l e s .  Both 

specimens show a c o n s i d e r a b l e  number of b r i g h t  and dark l i n e s  

which are thought  t o  be domain boundar ies .  A deta i led  i n t e r -  

p r e t a t i o n  of , t h e s e  micrographs r e m a i n s  t o  be made. 

As a d i rec t  follow-up to this work, w i r e  specimens of 

N i 4 M o  composi t ion  were prepared  fo r  imaging. 

t h i s  l i n e  of i n v e s t i g a t i o n  w a s  t o  ge t  an  idea a s  t o  t h e  

appearance  of the l o n g  range order i n  a f i e l d  i o n  micrograph. 

The re fo re ,  a l e n g t h  of t h i s  w i r e  w a s  s u i t a b l y  annea led  t o  

t r a n s f o r m  t h e  mater ia l  e n t i r e l y  t o  t h e  f u l l y  ordered s t a t e .  

The atomic s t r u c t u r e  of t h e  o rde red  phase is s c h e m a t i c a l l y  

i l l u s t r a t e d  i n  F i g u r e  13. The r e s u l t i n g  f i e l d  i o n  images of 

t h i s  material were s u r p r i s i n g l y  r e g u l a r  i n  view of t h e  complexi ty  

of t h e  o r d e r e d  arrangement of atoms i n  t h e  l a t t i c e .  I n  f ac t ,  

t h e  images, of which F igure  1 4  is a n  example, are probably  

be t te r  ( i . e . ,  more l i k e  a pure  metal)  t h a n  any micrographs of 

any  other  a l l o y  system, ordered  or d i s o r d e r e d ,  t h a t  have been 

p u b l i s h e d  t o  d a t e .  We a r e  ex t r eme ly  p l e a s e d  w i t h  these r e s u l t s  

and p l a n  t o  e x t e n d  t h e  research t o  examine t h i s  a l l o y  i n  

v a r i o u s  s t a g e s  of t h e  o r d e r i n g  r e a c t i o n  i n  a n  a t t e m p t  t o  get 

a g r a s p  of t h e  a c t u a l  atomic mechanism of  t h e  order ing p r o c e s s .  

The purpose i n  

5. Fu tu re  Research  

The s u c c e s s  of t h e  computer s i m u l a t i o n  of images based 

upon t h e  number and t y p e s  of neighbors has been s u f f i c i e n t  t o  

encourage  f u r t h e r  e x t e n s i o n  w i t h  some conf idence .  Two p r e l i m i n a r y  
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Legend: 3 = Ni a t o m s  
0 = Mo 2toms 

Figure 13. Schekatic  
representa t ion  of ordering 
process ,  Dotted l i n e s  
o u t l i n e  the  face-centered 

Figure 14, F i e l d  i o n  micrograph of f u l l y  ordered Niwo 
imaged a t  30 KV i n  2pof  Ne-He mixture. 



Figure 15.  T i m e s  t w o  pr in t  of image taken through f i b e r  
o p t i c s  window of fully ordered Ni4Mo a t  30 KV, 
1 . 5  of Ne-He mixture. The negat lve  was a Kodak 
metallographic p l a t e  (6.5 x 9 em) exposed for  
2 1/2 minutes by d i r e c t  contact  w i t h  t h e  window. 
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e x t e n s i o n s  are b e i n g  worked on  a t  p r e s e n t :  ( a )  a second ,  and 

i f  n e c e s s a r y  o t h e r  r e g i o n s  of t h e  image w i l l  be s i m u l a t e d  i n  

d e t a i l ;  (b) t h e  p r e d i c t e d  image of a s t a c k i n g  f a u l t  i n t e r s e c t i n g  

a s u r f a c e  i n  v a r i o u s  o r i e n t a t i o n s  w i l l  be computed. A t  t h e  

same t i m e  aq i n t e r a t o m i c  p o t e n t i a l  (a mod i f i ed  Morse p o t e n t i a l )  

wiii be made u s e  of. The o b j e c t i v e  h e r e  is t o  compute t h e  

b i n d i n g  e n e r g y  o f  t h e  s u r f a c e  atoms t o  t h e  bulk .  I t  seems 

clear  t h a t  t h e  i n t e n s i t y  of a n  imaged atom is i n v e r s e l y  r e l a t e d  

t o  t h e  b i n d i n g  energy .  We w i l l  now a t t e m p t  t o  make t h i s  more 

q u a n t i t a t i v e  by computing t h e s e  b i n d i n g  e n e r g i e s  and comparing 

t h e  r e s u l t s  w i t h  e x p e r i m e n t a l  images.  The quantum p h y s i c s  

g roup  h e r e  a t  t h e  U n i v e r s i t y  of  F l o r i d a ,  under  t h e  d i r e c t i o n  

of P r o f .  J. C. S l a t e r ,  has  been v e r y  h e l p f u l  t o  d a t e  i n  

c o n s u l t i n g  on  t h i s  a s p e c t  o f  t h e  problem. 

I t  is hoped t o  be a b l e  t o  a p p l y  t h e s e  r e s u l t s  t o  p o t e n t i a l  

images of defects a s  q u i c k l y  as  f e a s i b l e .  

The e x p e r i m e n t a l  work on p l a t i n u m  is i n t e n d e d ,  i n  p a r t ,  

as a d i r e c t  t e s t  of t h e  imaging  c r i t e r i a  s u p p l i e d  v i a  t h e  

computer .  Thus r a p i d  quenching from t e m p e r a t u r e s  n e a r  t h e  

m e l t i n g  p o i n t  of Pt shou ld  g i v e  r ise  t o  vacancy agglomerates, 

d i s l o c a t i o n  l o o p s  and  ( p o s s i b l y )  s t a c k i n g  f a u l t  t e t r a h e d r a .  

These d e f e c t s  w i l l  a l s o  be s t u d i e d  w i t h  t h e  e l e c t r o n  microscope 

s i n c e  n o  tho rough  s t u d y  of quecched P t  of  t h i s  k i n d  has  been 

r e p o r t e d  t o  d a t e .  The f i e l d  i o n  microscope w i l l  t h e n  be used  

w i t h  a f a i r  knowledge of t h e  k i n d s  of d e f e c t s  t o  be expec ted .  

T h i s  work is j u s t  a t  t h e  beg inn ings  of t h e  e x p e r i m e n t a l  s t a g e  

a t  p r e s e n t ,  b u t  w i l l  be pursued  a c t i v e l y  d u r i n g  t h e  n e x t  s i x  

month period. 
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The expe r imen ta l  work on N i p 0  h a s  been so f r u i t f u l  t o  

date t h a t  a s h o r t  s t u d y  of t h e  e a r l y  stages of long-range 

order w i l l  a l so  be under taken .  An e x t e n s i v e  s t u d y  of t h i s  

sys tem,  however, must awa i t  a n  expanded research program. 

Although there are some o ther  d i r e c t i o n s  of research 

t h a t  c o u i d  be f r u i t f u l l y  pursued,  w e  w i l l  l i m i t  o u r s e l v e s  t o  

t h e  above u n t i l  ou r  i d e a s  are s a t i s f a c t o r i l y  deve loped  or 

d isproven .  
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